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NATIONAL ADVISORY COMMUTED FOR AEROMUTICS 

DEVELOPMENT OF MCA SUBMERGED INLETS AND A COMPARISON 
WITH WING LEADING-EDGE INLETS FOR A 1 /4-SCALE MODEL 
OF A FIGHTER AIRPLANE 
By Emmet A. Mossman and Donald E. Gault 


SUMMARY 

Characteristics of MCA submerged duct entries and wing leading- 
edge inleto designed for a 1/4— scale flow model of a fighter^-typo 
airplane powered by a Jot engine in the fuselage aro presented. Duct 
total-hoad losses at the simulated entrance to the Jat engine and 
pressure distributions over the duct entries are shown. A comparison 
of the dynamic pressure recovery and critical Uach number of the two 
intake systems is made. Included is a diecu33ion of methods of 
ameliorating a duct— flow instability which may appear vith a twin- 
entrance submerged duct system. 

The dynamic pressure— recovery rosulta indicate that, for a 
Jet— propelled airplane vith the Jet engine in the fusclago, MCA 
submerged duct entries afford a bettor nothod of supplying air to 
the Jet engine than wing leading-edge duct entries . This choice of 
the submerged entry is mainly duo to the complex internal ducting 
of the wing leading-edge system. The critical Mach number i3 shown 
■to be higher for those MCA submerged fuselage entries than for the 
basic wing section or the wing ltading-odgo duct entrio3, through the 
high-speed range dgwn to 280 miles per hour (Ci®0.20), for sea level 
flight. 


INTRODUCTION 

Airplanes or missiles which utilize the oxygon of the atmosphoro 
for combustion in their propulsive systems require that the air be 
ducted with a minimum pressure loss from tho free stream to tho 
entrance of tho engine. Small losses in internal— flow syotomo 
handling the large quantities of air required by Jet engines cause 
serious decreases in the thrust and appreciable increases in the 
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fuel consumption so that the attainment of optimum performance from 
a Jot-powered airplane depends, in groat part, upon the 3oloction 
and design of a ducting system which will supply air to the Jet 
engine with maximum efficiency. 

... . v • 

f ' v 

This report is concerned with the problem of obtaining maximum 
ducting efficiency for a Jot— propelled airplano by partially convert- 
ing the kinetic energy of tho entering air to pressure energy, and 
conserving the remainder of the kinetic energy so that a minimum 
pressure loss results at the entrance to tho Jet— engine compressor. 

In this investigation two ducting systems of dissimilar geometry wore 
designed and installed on a 1 /h — 3 cale flow model of a typical fighter 
airplano. One design incorporated NACA submerged inlets and the 
other, wing leading— edge inlets. Because tho same model was used for 
the two duct installations and the air quantity requirements through 
the range of flight attitudes were identical for the two systems, 
this investigation afforded an excoll^nt moans of comparing their 
relative merits. 

Ihis work was done in the Ame3 7— by 10-foot wind tunnol in 
conjunction with the general investigation of Jot-motor air intakes 
being conducted at tho various laboratories of the NACA. Ihe design 
criteria for the NACA submerged ducts were takon from reference 1. 
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SYMBOLS 

Ihe bymbols used throughout this report ore defined as follows: 
airplano lift coefficient 
total— head loss in boundary layer 

loss in total-head of tho duct system from freo stream 
to tho entrance of tho Jot engine 

loss in total— head from free stream to duct entrance 

loss in total-head from duct entrance to entrance to 
Jet engine 

pressure coefficient [ (p^—Pq)/^] 
local static pressure 
free-otream static pressure 

conrtPcrtot. 
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<1 Q dynamic pressure at duot ontranco (ioVj 2 ) 
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MODEL AND APPARATUS 

The l/l«— scalo, partial— span, flow model of a fighter-type 
airplane used In these tests va3 originally do3ignod as a model of 
a Jot-boo3tcd airplane. For thl9 Horioo of to3ta, however, it wa 3 
assumed that the front reciprocating ongino was removed and that the 
rear Jet engine was tho only means of propulsion. The Jet-engine 
air-inlet systems were removable so that NACA submerged and wing 
leading-edge ducts could bo tested alternately. Tho model, con- 
structed of laminated mahogany over a steel framework, had no 
provisions for landing gear or empennage. 

For the NACA submerged duct entry application, twin entrances, 
symmetrical about the longitudinal axis, wore located along the 
sides of the fuselage 2 inches (model scale) forward of the Junction 
of the wing leading edge and tho fuselage. The air drawn through 
the submerged entrance was ducted directly oft, making one gradual 
turn inboard to the Jet engine when door of tho pilot's enclosure. 
The wing leading-edge duct system, also symnotrical about the 
longitudinal axis, first ducted the air inboard fresa tho wing 
leading edgo ahead of tho wing spar, next turned upward into the 
fuselage, and then parallol to tho thrust axis with a final turn 


free— stream dynamic pressure (jPV 0 ) 
duct-inlet velocity 
fvee-3tream volocity 
inlet— volocity ratio 

angle of attack referred to fuoolago reference line 
degrees 

mas3 density of air, slug3 per cubic foot 
total dynamic pressure recovery ( 1 — — ^ 

\ °-o J 

/ AHe 

dynamic pressure recovery at duct entrance 1 — — - 

V <lo ' 

internal due t efficiency I 1 — £5^ 
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inboard to the entrance of the Jet unit similar to that for the 
submerged entry. Each ving leading— odge duct made threo approxi- 
mately Ii5° turns in the horizontal plane and two 50° turns in the 
vortical plane. A comparison of the internal ducting of tho NACA 
submerged duct entry and the wing leading-edge entry is presented 
in figures 1 and 2. 

Full-scale wing and flap dimensions for tho airplane are given 
in table I, while figure 3 presents a drawing of the airplane on 
which is indicated the wing span of this l/4— scale flow model, Tho 
model, equipped with wing leading-edge ducts and flaps deflected 
50°, is shown mounted in the tunnel in figure 4. 

For bench teot3 to determine the duct efficiency, air was drawn 
through the left-hand ducts by a throttle-controlled constant— speed 
blower. .(See fig. 5.) A plenum chamber and duct-exit turning vanes 
were used for those tests to duplicate, as closely as possible, the 
flow conditions of the wind-tunnel tests and to eliminate any effect 
of the butterfly— typo throttle. Quantity flow was measured by a 
standard venturi located downstream of the plenum chamber. The duct 
total-head looses were measured at the simulated entrance to tho Jot 
motor by a rake consisting of 17 shielded total-head tubes connected 
to an integrating manometer and four 3tatic-head tubes. 

For the wind-tunnel tests, the inlet air ms drawn through the 
model by a centrifugal pump driven by a variable— speed electric 
motor. The air, after passing through tho ducting systems, was 
discharged into a plenum chamber in the fuselage (fig. 6). From 
this chanbor, the air was drawn out of tho model through a duct in 
tho wing spar and enterod a mercury seal which isolated the wind- 
tunnel scalo system from forces on the external ducting system. 
Quantity flow of air was measurod by a standard orifice placed 
downstream from tho mercury soal, tho discharge end of tho orifice 
loading to tho pump located outside of the wind tunnel. 

The total— h6ad losse3 were measured by pro3sure-tube rakes, 
one placed in each duct at tho simulated entrance to the Jet motor. 
Both rakes were identical to the rake used for tho separate tests 
on the internal ducting systems and were connected to a single 
integrating manometer to allow evaluation of tho ovoj>-all looses. 

The pressure distributions wore obtained from orifico3 built into 
the model and connected to liquid-in-glass manometers. All pressures 
were recorded photographically. 
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TEST METHODS 

Prior to the testa necessary for a comparison between the two 
systems, a developmental investigation vao made to devise an entrance 
configuration which gave the highest ram recovery over the flight 
range of inlet-velocity ratios from cruising to high speed. In 
this preliminary study the geometry of tho ramp and deflectors were 
altered and a final configuration obtained from consideration of 
maximum pressure recovery. The model angle of attack was held 
constant (<x=«0 o ) and the inlet-velocity ratio varied throughout those 
tests. 


At the conclusion of the developmental studies, totaL-head losses 
at the simulated entrance to the Jet engine were measured foi both 
duct systems. These losses were obtained throughout the angle-of— 
attack range for flaps retracted and flaps deflected 50° at inlet- 
velocity ratios of 0.20 to 3.00, 

A method was devised relating the airplane lift coefficient 
with the flow model angle of attack. These relationships are given 
in figure 7 for flaps retracted and flapa deflected 50°. From this 
figure and the relationship between inlet— velocity ratio and airplane 
lift coefficient given in figure 8, tho total— head losoes can be found 
for all flight conditions. 

• In order to facilitate the model testing, a relationship was 
derived for setting inlet-velocity ratio by moans of the orifice 
pressure drop. It was assumed in the derivation that tho density 
at the duct entrance was the samo as that in the free stream, which 
is true only at inlet— velocity ratios of 1.00, However, tho error 
in inlet-velocity ratio was negligible, amounting to 0.2 of 1 percent 
and 2.0 percent at ratios equal to 0.20 und 3,00, respectively. 

For the submerged duct installation, pressure distributions 
were taken along tho center lino of the lip and ramp for both constant 
angle of attack (o>»0 0 ) throughout tho inflow range, and for matched 
conditions of Cx Jalrplane , model angle of attack, and inlot-volocity 

ratio that simulated flight at sea level. Pressure data for the 
wing leading— edge inlet were obtained throughout tho angle-of -attack 
rango for several inlot-volocity ratios that could bo encountered in 
high-speed flight. 
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RESULTS AND DISCUSSION 
Development of the Intake Systems 

It vae realized that In tho application of the submerged duct 
criteria, the proximity of the wing to the duct entry and the curva- 
ture of the fuselage contour, factors vhich could not "be ovaluatod 
In the general Investigation, might modify tho placement and exterior 
shape of the ontrance for maximum dynamlo— pro c sure rocovory throughout 
the important flight range. A previous application of a submerged- 
duct system disclosed that, vhen the duct entry vas placed adjacent 
to the wing, the flow field of the wing had an adverse effect on 
the lip-pressure distribution and induced a flow interference along 
the ramp. For these reasons, the entry was placed as far forward 
of the wing leading edge as possible. Preliminary tests were made 
to devise an entrance configuration giving the highest ram rocovory 
over th6 flight range of inlet— velocity ratiot. from cruising to high 
speed. 

Reference 1 states that the deflector size for submerged 
inlets is determined primarily by the boundary— layer thicknees. 
Therefore, measurements were taken on the baoio fuselage contour 
at the station corresponding to the lip cf tho submerged entry, Ihe 
boundary— layer profile obtained, compared in figuro 9 with boundary 
layer 1 of reference 1, indicated that tho deflector size required 
would be similar to the small or normal deflectors. Using tho 
entrance losses of reference 1 for an entranco configuration and 
boundary— layer thickness that closely approximated the conditions 
on this model, it was desired to estimate tho total-hoad recovery 
that could be expoctod for the NACA submerged entry by tho following 
relation: 


q ■ + (^pf-l) (Vj ^ q ) 2 

This served us a guide to tho preliminary studies in which tho 
geometry of the ramp and deflectors wore altered to obtain tho 
highest recoveries through the important flight range. 

Use of the aforementioned relationship required tho determina- 
tion of th6 duct efficiency from separate tests on' the internal- 
ducting system. Bench tests conducted on the left-hand internal duct 
indicated a 92— percent duct efficiency (fig. 10) . A tuft 3tudy 
disclosed no stall in tho curvod section of tho duct, and it is 
belioved that vanos would not improve tho recovery. 

A comparison of the estimated pressure rocovory and that obtainod 
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vith the final submerged-duct— entry, configuration is shown in 
figure 11. Considering the presence of the ving and the fuselage- 
surface curvature {factors mentioned previously which were not 
evaluated in the general investigation of NACA . submerged inlets), 
and, in addition, the probability of a slight change in duct 
efficiency vith inlet— velocity ratio, it is thought that the 
estimated and actual total-hoad recoveries are in good agreement. 

It should bo emphasised that no drag evaluation was made in 
this or subsequent tests, and that the final duct— entrance configura- 
tion was determined only from considerations of the dynamic— pressure 
recovery and critical Mach number of the lip. 

Views of the final submerged duct entrance configuration are 
presented in figures 12(a) and 12(b), Ordinates for the plan-form 
Bhape of the ramp and deflectors, and the lip-contour ordinates are 
presented in figure 13 . 

Separate tests were made on tho wing leading-edge internal 
ducting to determine its efficiency. Several tests were made to 
obtain the best pressure recovery with various guide— vano configura- 
tions. She ducting efficiency obtainod, 64 percent (fig. 10), 
indicates that tho sovoral bonds, even vith guide vanes, occasion 
considerable looses. Hie internal— structure arrangement of tho 
wing and fuselage largely determines the complexity of -the ducting 
system for wing leading— edge inlots. Hie usual result has been 
lew internal-ducting efficiencies. If those intomal-ducting 
efficiencies could be iraprovod, major increases in the pressure 
recovery at tho entrance to the Jot— engine compressor would 
rosult. Howovor, for the typo of aircraft considered, with tho 
Jtft engine in the fuselage and using wing leading-edge inloto, 
no significant gains have boon found. With the tendency toward 
thinner wings on high-speed aircraft, and vith the increased air 
requirements of the new high-thrust Jet motors, it is probable 
that using ving inlets on this type airplane will become moro 
difficult. 

Hie ving leading— edge inlot is shown in figure 4. A comparison 
of -the plain and ducted wing sections together vith pertinent 
ordinatos are given in figure lU, • 


Comparison of the Intake Systems 

Dynamic—' pres 3uro losses .— Upon completion of preliminary testa 
and selection of the submerged-due t-cntrance and wing leading-edge— 
inlet configurations, tho duct total— head lossea wore determined. 
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Tables II and IH present the pressure losses as a ratio of fre<^- 
stream dynamic pressure for flaps retracted and flaps deflectod 50 °# 
respectively. The total-head los363 as a function of airplane lift 
coefficient throughout the flight range, flaps retracted and flapa 
deflected 50°, were obtained from these data by cross-plotting for 
proper values of angle of attaolc and inlet-velocity ratio. 

The total-head losses, flaps retraoted, for NACA submorgod and 
ving leading— edge duct systems are compared in figure 15 for oea- 
level and 30j00Q-foot operating conditions. On the some figure is 
presented the comparison for flaps deflectod 50° at sea level. 
Examination of figure l6, vhich compares the dynamic-pressure 
recoveries for the two systems throughout the speed range, shows a 
greater pressure recovery for the NACA submerged duct entries for all 
flight conditions. Of particular interest is the high-pressure 
recovery over a vide range of flight speeds that is obtainable with 
the NACA submerged duot entries on th’is installation. 

Pressure distribution Table IV lists in tabular form the 

pressure distribution in terms of pressure .coefficients over the lip 
of 'the NACA submerged duct entry for constant angle of attack (o=0°) 
through the inflow range, and for matched flight, conditions at sea 
levol. Figures 17(a) and 17(b) present the pressure distribution 
along the bottom of the ramp for those same conditions. Because the 
ramp was lengthened while the modol vaa in the tunnel, pressure tubes 
aro lacking over the first 3 inches. This is unfortunate, sinco the 
pressures are otill rising in this section. Hovovor, t those pressures 
over the front portion of the ramp (fig. 17) are unduly high and not 
representative, sinco, for the submerged-duct installation, the 
velocity ratio of the air entering the cowl was zero, thereby causing 
high pressure peak3 over tho forward portion of the cowling. A 
streamline nose shape would provide a more favorable pressure 
gradient on this front portion of the ramp. 

Pressure distribution for tho wing leading-edge inlet is tabulated 
in tables V to XI for tho wing-fuselage Juncture with the plain and 
ducted wing section and tho outboard closing shape (wing station 18 , 
fig. lU.) For all practical purposes, the pressure distribution 
at the wing-fuselage Juncture and outboard closing shape vaa found 
to be independent of inlet-velocity ratio. 

The critical Mach numbers vere determined fr 9 m the peak negative 
pressure coefficients of the two systems by tho Korman-Tsien method 
outlined in reference 2. The critical Mach numbors for matched 
conditions at sea levol for NACA submerged and ving leading-odge 
inlets are shown in figure l8. Included is a comparison of the 
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critical Mach number of the two 'inlota, which ohowa .the NACA submerged 
duct entry to be higher through the « range of high apeed down to 280 
miles per hour (0^0*20) for sea-level flight. In the highr-speed 
attitude the comparative values are 0.75 for the NACA submerged inlet 
and 0.67 for the wing leading-odgo inlet. Although sufficient data 
are not available for a direct comparison at altitude, the use of 
NACA submerged ducts for this installation should prove more advan- 
tageous through a comparable speed range. In comparing the two typo 
inlets at some other altitude for a given flight condition, the change 
in the critical Mach number characteristics from those shown on figure 
l8 would be due, primarily, to change in angle of attack. Tno wing 
leading— edge inlet is moro sensitive in this respect, so that the 
difference between- the two entries as shown on figure l3 should be 
accentuated. The effect of the change in inlet— velocity ratio with 
altitude for a given flight condition is of secondary importanco. 
Pressure distributions were not measured over tho deflectors. In 
this Berio3 of tests the defloctors were developed solely from tho 
standpoint of increased pressure recovery at the entrance of tho inlet. 
The existing deflector conf iguration should not bo considered as final, 
and it is probable that more gradual contours could bo utilized for 
moro favorable air flow along the fuselage. 

It should be emphasized that tho critical Mach number of tho 
submerged duct entry is to a largo extent dependent upon tho type 
of prosaur© field in which tho duct is placed. A location nearer 
tho wing will give somewhat lower critical Mach numbers. 

Flow Instability in a twin NACA submerged duct system .- Under 

certain flow conditions at low inlet-velocity ratios, an unstable 
condition of the entering air may be encountered with a twin NACA 
submerged duct system. This Instability is common to ducting 
systems consiting of two entrance channels which discharge into a 
common reservoir, provided that, with Increasing inlet— velocity ratio, 
tho total-head losses first decrease and then increase. This condi- 
tion can exist, as in this case, where tho entering flow ia constrained 
on one or more sides so that some boundary— layer air is taken in. 

Whether the instability would occur in the actual installation 
depends upon tho mechanical design of the Jet motor. If tho air 
empties into a common chamber before entering the Jot-motor 
compressor, tho instability could occur. 

At present tho inlet— velocity ratio at tho start of instability 
cannot be predicted, but it has been observed that instability nevor 
occurs at ratios above that at maximum recovery. In order to provont 
instability the ontranco ducts should bo designed for a high— opood 
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Inlet— velocity ratio that allows a margin of 0.2 to 0.3 above that 
at instability. This would permit the Jet motor to be throttled consider- 
ably and still operate in. the stable range; However, if this does not 
allow for sufficient throttling, then mechanical devices could b9 used 
which would either maintain inlet-velecity ratios above that at 
instability when the engine was throttled, or would decrease the ram 
recovery so that the maximum recovery would occur at inlet— velocity 
ratios below those at which the airplane was momentarily operating. 

The bottom of the ramp could be hinged at the forward end so that 
the inlet area could bo reduced or completely closed off by a trap- 
door arrangement. This would not only eliminate the instability but 
also enable a Jet-boosted aircraft, cruising with the Jot motor 
inoperative, to eliminate the high drag due to air bleeding through 
the Jet motor. For U 3 e in a completely Jet-propelled airplane, a 
butterfly valve in one of the entrance channels could be automatically 
moved in conjunction with the throttle, so that when the speed of the 
Jot motor was reduced below a certain value, the valve would be 
actuated enough to eliminate the instability. Another possible means 
of ameliorating this condition is the provision of a hatch in the 
ducting system, forward of the compressor, which could be opened when 
the Jet motor is throttled back to allow air to bleed to the free 
stream. This would permit continued operation in the noncritical 
inlet— velocity— ratio range, and control could be made similar to the 
aforementioned butterfly valve. This last method of bleeding air 
through the duct and the first method using the flexible ramp would 
also eliminate the low critical Mach numbers that result from high 
negative pressures over the outside of the lip at low inlet— velocity 
ratios. A further advantage of any of these mechanical devices is 
that they also would facilitate starting the jet— engine in high— speed 
flight by lowering the air velocity through the combustion chamber 
to that necessary for flame propagation. 

In the consideration or selection of Instability— eliminating 
devices such as thoso described, it is of prime importance that tho 
device should cause no decrease in ram who’n not in U3e. When the 
device is in use, however, any loss in ram resulting from its opera- 
tion will be of minor importance, since the unstable regime usually 
occurs with the airplane at high speed and tho jot motor throttled. 

If tho ducting could be so designed that a single NACA submerged 
entrance would lead to a single Jot engine, thi3 instability would 
not occur. For a Jot installation on a swept— back wing, whore tho 
use of nacellos for the Jet engines incurs p premature drag rise 
(reference 3) , this principle might be applied advantageously by 
locating the Jet engines in the fuselage. 
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CONCLUSIONS 


From this experimental investigation of on NACA aubmorgod duct 
installation ar.d the comparison with wing leading-edgo inlets it is 
concluded that: 

1. For a completely Jet— propelled aircraft with the Jot ongino 
in the fuselage, NACA submerged entries merit serious consideration • 
a 3 a means of supplying air to the Jot engine. For this installa- 
tion, NACA submerged duct ontriea gave higher prosauro recoveries 

at the entranco to the Jet engine than wing leading-edgo inlets 
throughout the flight, speed range. 

2. Ihe critical Mach number (0.75) of this NACA submerged duct 
is groator than that of the basic wing sections uood on present— day 
fighters. 

3. For thi3 type installation (a Jot— propollod alrplano with 
Jo+ engine in the fuselage) the complexity of the duct and airplano 
structural design would bo greatly reduced by using an NACA submerged— 
duct entry. 

U. A flow instability in the ducting system, which would noc 
occur with wing loading— edge duct ontries, could exist ut low inlet- 
velocity ratios with twin NACA 3ubmcrgod air inlote. By propor 
selection of tho high-speed inlet— velocity ratio, this condition 
could be precluded from ordinary flight. For high-speed-flight 
attitudes with th« Jet engino throttlod, mechanical methods of 
alleviating the instability should b:.- employod. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLE I.- FULL-SCALE GEOMETRIC WING AND FLAPS 
CHARACTERISTICS FOR THE FIGHTER AIRPLANE 



Wing 

Area, eq ft 

Span, ft 

M.A.C., In 

Root chord, in 

Tip chord. In 

Root eeotlon 

Tip eeotlon 

Geometrlo tvlet, deg . . . 

Aepeot ratio 

Taper ratio 

Incidence at root chord, deg 
Dihedral of ohord plane, deg 


. . . . 400.25 

. . . . 4S.00 

. . . . 104.6 

140 

60 

66(215)-214-1.0 

65(112)-213-1.0 

; '5.7I 



Flapa 

Total area, eq ft . . . . 
Over-all epan, ft ... . 

Chord 

Travel, deg 

Wing area affeoted, eq ft 
Typ« 


50.5 

22.56 

. 23 percent wing ohord 

0 to 50 

221.6 

Extenelble-elotted, with 
fixed vane on leading 
edge and operating on 
fixed traoke 
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Ttxu n.- WCT TOTAL HMD LOBS® NMSQRE) AT THX SBtJLmD WTBAX3 JO TJd JB-BBI ■» 
FCB THZ l/k-BCAL* JVM WXUL OJ THX AXKFIA2X WTES T LAPS KBEACT© 

ri^anLy^i 


BACA 0nhMra»d toots 


V* 

\ 

-3.0k 

-2.02 

-1.01 

0 

1.02 

2.05 

3.06 

k.07 

3.06 

600 

701 

8.13 

90* 

100k 

11 Ok 

1203 


0.2 

0.220* 

0.210 

0089 

0.183 

0.210 

0073 

0.1B3 

0.215 

0.253 

0.281 

0.809 

0.330 

0.3k3 

0.337 

0.338 

0.333 


•3 

093 

078 

057 

Ok7 

037 

068 

009 

.20* 

.228 

.232 

.262 

.279 

.293 

.31k 

•309 




.k 

05I_ 

.1*2 

.126 

022 

022 

O36 

•in 

069 

088 

OJ1 

.200 

.211 

.226 

•227 

.261 

•2» 


.5 

.126 

020 

OO? 

.093 

.09? 

.100 

.nj 

.171 

.178 

O78 

.ik3 

•177 

.168 

•IT? 

.189 

089 


.6 

OlO 

Oil 

000 

.079 

.07k 

.08? 

•°?° 

OOO 

003 

OlO 

OlO 

.121 

02 7 

•132 

Okk 

.lk7 


.7 

oio 

OOO 

.090 

.079 

.067 

.073 

.079 

.083 

.090 

.09k 

OOk 

OlO 

013 

019 

.12* 

030 


.8 

.121 

005 

.093 

.079 

.069 

.07* 

.079 

.08k 

.090 

.0?k 

OO* 

016 

.121 

.120 

_o& 

^3? 


1.0 

063 

077 

Off 

017 

00k 

•°9? 

.09k 

000 

OO 6 

016 

021 

_ii 2 

oka 

_o£ 

_£l 

.261 


1.2 

.201 

096 

072 

0*2 

036 

036 

030 

030 

Ok3 

039 

073 

083 

092 

.268 

.302 

.320 


1.* 

.206 

.202 

•26k 

Ol? 

.2*0 

•2?0 

.22? 

♦*» 

.2J6 

.26k 

.277 

.292 

_^22 





2.0 

•38k 

.336 

.356 

.336 

.3k6 

•3k6 

.313 

.513 

.513 

.?k6 



.600 

.618 

.680 

.680 


2.2 

.622 

.618 

.666 

.666 

.618 

.666 

.666 

.666 

.666 

.666 


.722 

.708 


.816 

•*9 


2.5 

.632 

•6?k 

.71? 

.736 

.762 

.782 

.782 

.782 

•T9? 

.Ski 

.e?B 

.020 

.8ko 

.882 

.883 

_^2®_ 


3.0 

.909 

.999 

1*063 

1.060 

1.090 

1.121 

1.186 

1.218 

1.2k9 

1.2k2 

1-303 

1^33 

US 

1.32k 

hi* 

1.393 




Wa« taota 



K 

-3.0k 

-2.02 

-l.d 

0 

1.02 

2.03 

3.06 

k.07 

3.0* 

600 

701 

803 

9.1k 

100k 

11.1* 

1203 


0.21 

0.139* 

0.233 

00*5 

0.062 

0.068 

0.062 

0.063 

0.057 

0.063 

0.080 

0.096 

0O£ 

O.I67 

oo?9 

0036 

0.132 


>3 

•k23 

099 

067 

025 

005 

.111 

Oil 

Oil 

033 

Ok3 

081 

.216 

.271 


.2k3 

.22* 


.65 

.k9k 

.330 

005 

002 

002 

.18k 

.1&7 

098 

.221 

.239 

.293 

.36k 

.kkl 

.319 

•k9k 

.313 


jti 

.536 

.331 

oka 

036 

•2k9 

.261 



•371 

•3*3 

,kk8 


-JSA 

.791 


--I 12 - 


1.00 

.631 

>07 

.355 

.362 

.381 

.390 

.*11 

.U3 

.1^1 


.620 

.673 

.05» 

.909 

.9® 

.090 



.660 

.*55 


.*76 

T k?0 

.kjk 


•T? 6 

.603 

-JSL 

. 12*. 

.8?8 

•J*" 

1.058 

iO£ 

1.051 


1.5® 

.683 

.398 

.589 

.398 

.396 

•6kk 

.685 

.727 

.808 

•8T7 

•977 

1.077 

1.178 

1.328 

1.793 

1.3k3 


2.17 

1.31% 

1.261 

1.261 

1.332 

l.koe 

l.k62 

1.52* 

1.622 

XJ29 

1.05* 


2.200 

2.300 

2.389 

2.kk0 

2.kk0 
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TABLE ra.- DUCT TOTAL-HEAD LOSSES, MEASURE) AT THE SIMULATE) BREAKS TO THE JEMOCIHE, fCS THE 
l/*-6CALI FLOW MODE CT THE nCBTSR AIRPLAEE WITH FLAPS DEFUCTE 50° 


EACA aohurgAd dncta 

a — 

| -8.05 

5 T ° ^ 

-7.03 

-6.01 

-5.0 

-3-99 

"2.97 

-1.95 

-0.9* 

0.00 

1.10 

2.12 

3-12 

*.12 

5.13 

o*? 1 o.29T»l 

0.198 

0,17? 

0,193 

0.193 1 0.178 

0.19k 

0.227 

0.266 

0.303 

0.330 

0.3*8 

0.378 

0.360 


.238 

.188 

.168 

.168 

.167 

192 

.203 

.231 

.250 

.262 

.308 

.320 

.325 

.339 

~ I 

-i 

.193 

.173 

.1*5 

.139 

.1*5 

.157 * 

< .172 

.197 

.21* 

.223 

.2*5 

.2*7 

.265 

.256 

? .5 

.150 

.136 

.120 

.121 

.121 

.126 

.1*2 

.157 

.169 

.178 

.189 

.188 

.19* 

.200 

.6 

.126 

.115 

.105 

.101 

.100 

.100 

.110 

.119 

.132 

.137 

.136 

.137 

.1*2 

.1*8 

~ | 

.121 

.in 

.111 

.091 

.090 

.065 

.095 

.100 

.111 

•115 

.122 

.119 

.125 

.126 

; .8 

.122 

.111 

.100 

.091 

.086 

.005 

.005 

.093 

.105 

.111 

.11* 

.119 

.125 

.126 

1.0 

.1*5 ' 

.136 ; 

.125 

.115 

.111 

.106 

.105 

.111 

.116 

.126 

.132 

.1*2 

.1*2 

.1*2 

1.2 

.192 

| .191 1 

.17* 

.158 

.1*7 

.138 

.133 

.1*3 

.1?* 

.16* 

.165 

.170 

.175 

.156 

xjk 

.205 

.271 

.253 

.2*2 

.232 

.232 

.253 

.238 

.238 

.2*8 

.261 

.282 

.292 


2.0 

.537 

.558 

.592 

.61* 

.601 

.601 

.580 

.570 

.558 

•558 

.5*8 

.5*6 

.558 

.580 

2.2 

.622 

.610 

.618 

.652 

.673 

.706 

.639 

.652 

.6 73 

.673 

•639 1 

.618 

.639 

.6 73 

i 2.5 


1 .673 1 

.715 

.736 

•795 

.816 

•799 

.837 

.837 

.820 

.8*1 

.8kl 

.6kl 

.8*1 

3.0 

.883 | .912 

.9*2 

1.030 

1.059 

1.090 

1.090 

l.llfl 

1.178 

1.207 

1.207 

1.207 

1.265 

1.265 ! 


Wing lading Mg duet. 

> V • 

li \ 

n . 

! -8.05 

-7.03 

1 

-6.01 

-5.00 

-3.99 

-2.97 

-1.95 

-0.9* 

0.00 

1.10 

2.12 

3.12 

*.12 

5.13 

0.21 

0.09k 

0.068 

f 0.05? _ 

0.055 

0.05k 

p.055 

0.070 

0.002 

0.118 

0.169 

0.206 

0.2kk 

0.220 

6.218 

>3 

.136 

.110 i .103 

.10* 

.111 

_ .119 

4*9 j 

.161 

.220 

.291 

•366 

.*01 

.*08 


& 

.180 

i .165 

.168 

.168 

.189 

.209 

.23* 

.282 

.359 

.*3* 

•505 

•y? 

>522 . 

,-gg. 

•87 

.23* 

•2*9 

.259 . 

.271 

•295 

.332 

•J66 

.*35 

. __*_?12 _ 

.616 

>722 _ 


•M. 

.828 

1.00 

.150 

.352 

.36*1 

.388 

.*29 

.k6l 

•5*o 

.602 


.790 . 

•9*0 

1.063 


I.029 

1.30 

.*66 

.*77 

.*9* | .508 

•5*6 

.602 

.670 

.755 

•839 


1.106 

1,126 

U-ys.. 

1.238 

' 1.52 

.596 

.597 

.627 j .67* 

.70k 

.771 

.860 

.960 

1.079 

1.190 

1-3*6 j 1-356 

UL-^L 

J l.*67 

2. IT 

! 1.255 

1.221 

1.355 I 1.3** 

l.**5 

l.k90 

1.567 

1.671 

1.009 

1.9^9 

2.032 | 2.170 

; 2.36 2 

i 2 .*00 
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table R- prastm* Dimmn^ici crm n up of rs bubwtoed duct dttit 

FOR THS 1/i-BCALX fUM MODEL Of TM FIOlfTKR AIRFUS 


lfetoh»4 oondltlons *% m lml, prof* 11 *r timrf* 


fro * 

lip L . K . ( u .) 

1.47 

0.64 

0.63 

0.21 

0.06 

0 

0.06 

0.21 

0.64 

1.47 

2.09 

4.69 

6.64 

Tl / V . 

>*7 



0.64 

- 0.6 

0.629 

0.604 

0.634 

0.663 

0.913 

0.703 

0.036 

- 0.369 

- 0.419 

- 0.334 

- 0.264 

- 0.046 

- 0.060 

.76 

-.1 

•234 

• 168 

• 198 

•264 

.ni 

.976 

.112 

-.173 

-.316 

-.290 

—249 

—067 

-.112 

.eo 

0 

.163 

.092 

.097 

.127 

.362 

.967 

•246 

-.122 

-.266 

-.280 

-244 

-.067 

-.117 

1.00 

.6 

• •241 

-.371 

-.391 

-462 

-.431 

•641 

• 641 

-.070 

-.201 

-.241 

-221 

-.110 

-160 

1.20 

1.2 

-.671 

••663 

••933 

- 1.193 

- 1.446 

.722 

.633 

.070 

-.181 

-.241 

—241 

— 171 

— 191 

1.40 

1.9 

- 1.093 

- 1.223 

1.440 

- 1.917 

- 2.633 

.318 

• 16 

.170 

-.119 

-.239 

-.278 

-.206 

-.229 

1.60 

2.8 

• 1.746 

- 2.039 

- 2.233 

- 3 . G39 

- 4.360 

-.647 

•l 50 

.230 

-.020 

-.196 

—236 

-.216 

-|3« 

2.00 

V 8 

- 2.900 

- 3.470 

- 3.623 

- 6.196 

- 6.160 

- 2.941 

• 662 

.177 

.020 

—216 

—633 

-.333 


2.20 

6.0 J 

- 3.720 

- 4.240 

- 4.600 

- 6 . C20j - 10 . 64O 

- 4.740 

.720 

•140 

0 

—280 

-.440 

-.460 

-Jiao 



o ■ 0 ° 

r 

> 

o 

>s 






0.41 

0 

0.622 

0.606 

0.663 

•''•234 

0.999 

0.434 

- 0 . 6V0 

- 9.449 

- 9.616 

- 0.392 

- 0.310 

- 0.106 

- 0.167 

• 44 

0 

• 636 

•690 

• 636 

.all 

•966 

•499 

••606 

-•467 

-.602 

-.368 

-.304 

-.106 

-137 

.47 

0 

•662 

.662 

.602 

.771 

•967 

• 876 

-.663 

-.460 

-.487 

-•376 

-.304 

-.106 

-.140 

.62 

0 

.660 

.629 

.870 

.729 

•946 

.647 

-.662 

-.460 

-.476 

-.379 

-.306 

• 110 

-.166 

.66 

0 

•491 

•460 

•496 

• 63 o 

• 894 

.791 

-.396 

-.396 

-.446 

-.347 

-.300 

-.106 

-.160 

.62 

0 

.428 

.393 

.422 

.644 

.810 

.660 

• •260 

-.318 

-.399 

-.347 

—264 

-.098 

-. 1X7 

• 66 

0 

•366 

.316 

.342 

•<29 

.704 

.911 

-.107 

-.266 

-.366 

-.322 

-.276 

-.101 

-.127 

.73 

0 

.267 

•209 

• 226 

.269 

•664 

.672 

.072 

-.241 

-.321 

-.267 

-.266 

-.094 

-121 

.81 

0 

.091 

.030 

•030 

.040 

.334 

.980 

•323 

-.131 

-.263 

—263 

-.263 

-.061 

-121 

.94 

0 

-.147 

-.264 

-.267 

-.320 

-.214 

.947 

.647 

-.067 

-.214 

-.240 

-.227 

-.107 

o 

N 

• 

• 

1.16 

0 

-.640 

-.620 

-.660 

- 1.120 

- 1.300 

.660 

• 620 

0 

-.060 

-.140 

-160 

-.040 

-.060 

1.46 

0 

- 1.648 

- 1.606 

- 1.968 

- 2 . 4P3 

- 3.460 

-.323 

.966 

.194 

•046 

—032 

-.046 

-.032 

-.062 

1.81 

0 

2.672 

- 3.048 

- 3.142 

- 4.4 76 

- 6.140 

- 1.999 

1 000 

•333 

.190 

.046 

0 

0 

0 

2.17 

0 

T 

-4 . 066 ' -4 .666 

- 4.933 

-7 .2 66 

- 9.680 

- 4.632 

.734 

•333 

.267 

.133 

0 

0 

0 

2.56 

0 

- 7.66 

- 0.44 

- 9.12 

* 16 . 2 * ■ 

• 16. M . 

- 10.22 

0 

• 111 

•444 

*222 

0 

0 

0 
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TAB LI VI. -VINO FUSELAGE- JUNCTURE PRESSURE DISTRIBUTION (WITH VINO LEADING- EDGE 
DUCT ENTRIES INSTALLED) FOR THE 1 A- SC ALE FLOW MODEL OF THE FIGHTER AIRPLANE 


chor^\ a 
^ 

-3.04 

-2.02 

-1.01 

0 

J 

1.02 

2.05 

j ».07 

6.10 

8.13 

10.14 

Upper surface 

0 1 

-0.337 

0.037 

0.306 

0.540 

0.75* 

0.864 

0.991 

0.99* 

0.924 

0.202 

1.0 

.819 

.730 

• 550 

.290 

— 007 

-.321 

-1.105 

-2.083 

-3.130 

-2.910 

2.5 i 

! .39 2 

.295 

-.095 

-.162 

-.448 

-.710 

-1.381 

-2.228 

-3.040 

-2.7 5° 

5.0 ; 

.172 

.034 

-.156 

-.371 

-.624 

-.851 

-1.381 

-1.968 

-2.551 

-2.480 

7.o 

.034 

-.134 

-.306 

-.486 

-.692 

-.884 

-1,273 

-1.736 

-2.171 

-2.369 

10 

! .021 

-.214 

-.374 

-.512 

-.686 

-.831 

-1.146 

-1.510 


-2.248 

15 

I -1.287 

-.448 

-.578 

-.695 

-.822 

-.931 

-1.166 

-1.435 

-1.615 

-1.849 

19 

i -.289 

-.402 

-.503 

-.606 

-.706 

-.790 

-.97* 

-1.183 

-1.330 

-l.*57 

29 

-.275 

-.342 

-.401 ! 

i -.47? 


-.616 

-.724 

-.861 

-971 

-1.165 

40 

5 s 

-.406 

-.4*9 

-.463 

-.516 

-.523 

-.577 


_.^50 

-!638 

-.670 

-.656 


-.840 

-.724 

-.890 

-.720 

-.815 

-.568 

60 

-.420 

-.428 

-.455 

ON 

ir> 

* 

• 

1 

-.468 

-A56 

-.456 

-.431 

-.380 

-.405 

70 

.007 

0 

-.007 

.007 

.007 

.013 

.007 

.007 

.007 

.007 


Lover surface 


1 

-1.287 

-.918 

. -.570 

-.243 

.041 

.235 

.603 

.854 

.964 

.297 

2.5 

-.846 

-.656 

. -.435 

-.229 

-.054 

.080 

.348 

.57* 

.733 

mhk 

5.0 

-.598 

1 -.448 

, -.333 

-.196 

-.075 

.013 

.228 

.403 

.544 

.607 

7.5 

-.626 

-.523 

1 -.401 

-.290 

-.190 

-.107 

.080 

.246 

.387 

.445 

10 

-.516 


j -.333 

-.277 

-.183 

-.107 

.054 

.205 

.340 

.392 

15 

-.530 

_ hh# 
— •■HfO 

i -.374 

-.290 

-.224 

-.161 

-.027 

.096 

.217 

.256 

20 

-.489 

-.428 

-.360 

-.29$ 

-.231 

-.188 

-.060 

.041 

.149 

.189 

30 

! -.365 

-.315 

-.272 

-.196 

-.177 

-.146 

-*.080 

0 

. 082 

.122 

40 

-.365 

-.328 

-.299 

-.243 

-.211 

-.17* 

-.107 

-.041 

.027 

.047 

50 

-.392 

-.362 

-.340 

-.304 

-.2 78 

-.241 

-.188 

-.130 

-.075 

-.054 

60 

70 

-.413 

-.389 

-.387 

-.344 

-.353 

-.308 

-.268 

-.150 



-.241 

-.235 

1 

-.231 

L 

-.209 

-197 

-.181 

-.147 

-.130 

-.109 

-!l08 


NATIONAL ADVISORY 
COMMITTEE FON AERONAUTICS 


NACA RM No. A7A31 


i 1L61 yxvadn^ 


TABLE VII - PLaIM-'a'INQ PRESSURE DISTRIBUTION AT STATION 13.50 
1/6- SCALE FLO'/.’ MODEL OF THE FI3HTER AIRPLANE 

CQUUAMBMH. 


£ * - 2 





P 






chord ^.05 

-2.02 

-1.01 

0 

1 1.02 

2.05 

4.07 

! 6.10 

2.13 

10.14 


Upper surface 

0 

1.0 

o q 
- • 

5.0 

7.5 

10 

15 

20 

30 

4o 

50 

eO 

70 

0.303 

.313 

.553 

.239 

:5U 

-.064 

-.123 

-.237 

-.494 
; -.422 

0.344 

.470 

M 

— # o6^ 
-•159 
• 

-.351 
! -.414 
-.470 
-.534 

0.972 

.205 

.063 

-.111 

-.292 

-.301 

-.364 

-.473 

-.492 

-.532 

-.577 

-593 

-.514 

0.920 

-.129 

-.177 

-.229 

! ::$2 

i ::g 

! ::8? 
i -.635 
; -.659 

i -.530 

0.906 

-.506 

-.424 

-.490 
! -.533 

1 -.596 

! -. o20 

| -.626 
-.673 
-.636 
I -.694 

i -.626 
! -.530 

0.715 

-.90S 

-.629 

-.673 

-.639 ! 

-.729 

-.721 

-.753 

-.721 ; 

-.715 

::8? 1 

| -.529 . 

0.130 

-1.741 

-1.263 

-.972 

-.920 

-.964 

-.915 

-.931 

-.250 

-.310 

-.770 

-.704 

-.513 

-0.964 

-2.325 

-I.560 

-1.437 

-I.356 

-1.290 

-1.163 

-1.143 

-.920 

—.S06 

-.525 

-2.253 

-3.335 

-2.190 

-1.313 

-1.660 

-I.544 

-1.361 
-1.295 
-I.O71 
-.946 ; 
-.322 ! 

-.672 
-.415 i 

-3.333 
-5.310 
-2. 353 
-2.250 
-2.003 
-1.221 
-1.562 
-1.441 
-1.150 
-.955 
-769 
-.553 
-.339 

Lower surface 



1.0 

2.5 
5.0 

7.5 
10 
15 
20 
30 
40 

5° 

60 

70 1 

1 

-I.735 

-1.036 

-.916 

-.769 
— . 662 

l -.532 
' -.590 
-.4-70 
-.432 
-.446 
-.433 

1 -.263 

1 1 

-.360 
' -.632 

! -.542 

::8i 

-.430 

-.432 

-.367 

-.323 

-.323 

-.392 

-.239 

i -.453 
j -.39 6 
-.379 
-.379 
-.345 
-.356 

-. 3o4 
-.332 
-.332 
-.364 
-.372 
-.237 

1 -.113 

1 -iJS 
-.257 
-.24l 
-.273 

-.313 

-.229 

-.305 

-.332 

-.354 

-.273 

.133 1 

.024 
-.032 | 

-.131 
-.136 j 
-.196 
-.253 
-.245 
-.269 
-.310 
-.335 
-.253 

1 .44i 

.216 
•°72 j 
-.003 : 
-.016 ! 
-.096 1 
-.160 ; 
-.176 | 

-.203 
-.264 
-.296 ' 
-.208 : 

•ill 

.292 

.136 

.133 

.032 

-.040 

-.105 

-.154 
-.219 
-.267 
- f 136 

• 956 

• 719 
.506 

.362 
.294 
.171 
.082 
-.016 
-.022 
-.163 
-.222 I 
-.163 I 

.971 

.372 

.664 

.523 

.432 

.290 

.174 

-•755 

-.003 

-.102 

-.183 

-.133 

.390 

.939 

• 551 
.397 

:!ii 

-.040 

-M 

-.113 
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tux.- 


chnrnmifct- 

omb uia n m c g or cm 
1/WacAU tum turn, or 

CV*. - o] 


p— r 

p 



chord\ 

-3.04 [ 

-2.02 

-1.01 

1.02 

2.05 

4.07 

6.10 

6.13 

10.14 
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TABLE XI.- DUCT OUTBOARD-CLOSING-SHAPE PRESSURE DISTRIBUTION, 
1 A- SCALE FLOW MODEL OF A FIGHTER AIRPLANE 
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Figure 1.- Comparison of the NACA submerged duct system and the 
wing leading-edge duct system as applied to the fighter airplane. 
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Figure 2.- Comparison of the internal -due ting systems for the NAC' 
submerged duct entry and wing leading-edge duct entry for the 

x- scale flow model of the fighter airplane. conriDf mti a i 



Figure 3.- General arrangement of the fighter airplane equipped with 

NACA submerged duct entries. 
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Figure 4.- The j- scale flow model of the fighter airplane, equipped 

with wing leading -edge duct entries and the flaps deflected 50°, 
installed in the Ames 7- by 10-foot wind tunnel No. 1. 
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Figure 5.- Schematic view of the test setup for the separate tests of 
the internal ducting systems for the fighter airplane. 
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Figure 6.- Internal flow diagram of the scale flow model. 
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COMMITTEE for aeronautic* 

Figure 7.- Variation of airplane lift coefficient with the I -scale 

model angle of attack for the fighter airplane. Gross 
weight = 16,4000. 
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Figure 8.- Variation of airplane lift coefficient with inlet-velocity ratio 
for 100-percent total-head recovery. Gross weight = 16,400 lb. 
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Figure 9.- Comparison of boundary 1 of reference 1 with the boundary 
layer at entrance to the NACA submerged duct entry for the 

scale flow model of the fighter airplane. 
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Figure 10.- Variation of total-head loss with duct-entrance dynamic 
pressure for the internal ducting systems of the scale flow 
model of the fighter airplane. 
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Figure 11.- Comparison of experimental and estimated dynamic 
pressure recovery for NACA submerged duct entries on a 

scale flow model of a fighter airplane. 
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(b) Close-up of duct showing station markings on fuselage. 
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Figure 13.- Lip, ramp, and deflector ordinates for the NACA submerged 

duct entry on the 7 - -scale flow model of the fighter airplane. 
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Figure 14.- Detail sketch and ordinates of the wing leading edge inlet 
for the scale flow model of the fighter airplane. 
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Figure 15.- Comparison of the duct system losses at the simulated 
compressor entrance for the scale flow model of the fighter 

airplane. 
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Figure 16.- Comparison of dynamic pressure recovery for the wing 
duct entry and NACA submerged duct entry for the fighter airplane. 


Fig. 16 NACA RM No. A7A31 


PRESSURE COEFFICIENT, P PRESSURE COEFFICIENT 


NACA RM No. A7A31 


Fig. IV 


CONF I DEN TI AL 


CL 



SYMBOL 

0 

A 

a 

6 





41 
£8 
82 
1.16 
I 48 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



M/ 

/v 0 

.54 

.75 

80 

1.00 

1.20 

1.40 


a 

-.5’ 

- .r 
0' 
5* 
1 . 2 * 
19 * 


Figure 17.- Pressure distribution along the ramp of the scale 
flow model of the fighter airplane. 
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Figure 18.- Critical Mach number at matched sea level flight conditions 
for the NACA submerged inlet and the wing leading -edge inlet on the 

scale flow model of a fighter airplane. 
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